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Abstract

Nowadays, some people drive too fast in places where speed limit is needed,
such as in the communities and along narrow alleys. This results in the building of
speed bumps which forces drivers to slow their vehicle down. However, building
speed bumps without accurate knowledge can affect the vehicles. Vehicles can be
damaged because the size of speed bumps s not suitable, even though the drivers
are driving at low speed. The systems and equipment of the vehicles such as ball
points, bearings, springs, shock absorbers and suspension systemn can be destroyed.
Speed bumps are traffic calming devices that use vertical deflection to slow motor-
vehicle traffic in order to improve safety conditions. Speed bumps. Speed humps are
typically placed or installed between intersections, on residential roads, on
government office roads, on educational institute campus. Most speed bumps found
are the ones people in the community made themselves, which do not meet the
standards. The speed bump height and length do not meet the standards, causing
the scrapes on the lower parts underneath the vehicles.

Therefore, our group perceived the importance of designing speed bumps to
meet the standards determined by the Department of Public Works and Town &
Country Planning. We studied the curvature of different types of speed bumps, in
order to anatyze the forces of the vehicle and the different designs of speed bumps
by using MATLAB (Simulink). After that, we selected the speed bump design that
caused the least shocks to the suspension of the vehicles. We carried out the
analysis by using Genetic Algorithm theory. Then, we applied the analysis result to
make speed bumps.

The curve feature anatysis showed that the curve that formed a parabola on
parabola gave the least force ot 471.092 Newtons. The curve that formed a circle on



circle gave the most force of 881.062 Newtons. Therefore, we applied the feature of
a parabola on parabola fo make speed bumps. The speed bumps were testes by
driving a Mazda 2 over with the speed of 8 kph. Then the force was compared with
the one made by general speed bumps. The finding was that the speed bump we
made was able to reduce shock or vertical force of about 68%. This means that the
speed bumps can reduce the damage to the suspension system of the car.
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32 haunrssenaldlulusunsy MATLAB (Simulink) tflevinnissasinis

« o w v 1
indeuiiraly faguden

P4 SpoBmpXob/Rosd Profle/tl Acton Sub
file Edl Viea Display Diagam  Simuletion .A“'ﬂ;s Code  Tools  Helfp

n € - 12 ’ | terd . - V.

l
4
I
Il

g

lf;cbm 1 Subsystem |

& ylSodampiab b PyiRoadPiofe b Pal

'E! Function Block Parameters FonTrue E

Fan

D)
[ s General expression blodk. Use "u™ as the Ingid variable name.
sheren e Bample: sn{u{1)*ep(2.3*(-0{2)}))

Parameters

Expression!

Sample time {1 for herited):
-1

:
g
i

BEU4lde
]
e

Cox ) conct [ ve ] ey |

4.  AUUNSIUHeNTU Genetic Algorithm (GA) ¥a4lUsunsal MATLAB

147 Eclitor - DAYk LProjecth Spoed Bump S8GA\para-para\GA_Run_perspsram

F.3.Fm WE
Ly @ e @ o
i o EQM ) Cﬂcu&;? %} G40 Te

e 2 h,
s, a : H
Pl eARunpraperm | sl fnesm 4]
- cle

2 -  Flunessfuncrico = Bikjslmple fitaess(X);
3 -  cumperOf¥srisbles = 2

4 AATor 375¢=hem3l0 LU §00c=dcasooRY

5 - LL=p175 4001:

€-  UL=[310 500]:

7 - cpes = gacpeleseti‘frrolaticniize’, 20, 'Generaticss’, 100,°Stallfesliric', 100, 'ScallTarelicas’, inf, 'Esplricfange’, (LL;OC]}r
L= Iz, fval,exitFlag,Oucpuc) = ga(Ficressfungtion,rusberOfVariables, 11, [0, 1), [1.TE, UL, | |, cpea);

9 - fprincf(*ic= r.i—k=r cf pernsrec %34, Output.gensraclions};

10 - Cprlntfi'Ine rarker of furcrics ev na was 1 VdAr', Output.fenccounth:

1L - fpTincf('The best Eurncrics valus £ Doagvsd, fval)y

12

nsdsuddsilaidu Genetic Algorithm (GA) as’l*ﬁ%’aaﬁlaﬁv‘if’aﬂmﬁ’uﬁ%wum 2 dau
D @ simple_fitness uag d@u Profile

Tnodauvos simple_fitness Ao drufidnunsiwasdondis 4 lun1ssiasinig
indBuTIvasTNOUs LTu AR IveIses Aunaves Sprung mass, Unsprung mass
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1 A = 1 1 . [ 2/ = o (7 1 AJ 2/
ANAINBEUTY WaAIAIYIIIIYEY Damping WUl Tanfentsnvuadudseng q weld
L3 d A r 1 L7 {23 1 :‘ [} 5 12 gj d A ]
Tunsdaesnisiadounidanan fagusiuans ssduwe profite B leanduneust 2 indn
UY9PU

14} Edion - DAWorkM. 1\ProjectSpeed BumpSS\GA\para-paratsimple Ftnefim

EDTOR
oy [ D | e s
D B o« oman gy e,

T1°. RANMPBATE BRERCNENTS

B L e K

1 {“ifunction Force = aimple fitnessiX)
2 ACar Driven Velocity in kc/h
- Vim=8;
4- ¥=Vim'5/18;
L R1EERAAELIRRALIRLALSY
6 VHazds CX7 Fararerery
7~ Hi=17€0.5:
B- . M2m30;
¥ - b1=255Z;
18- | b2-0;
11 - | K1=33558.3;
12 — | K2=212465:
13 BIERARA RN LR NRAANTNNY
4 ¥hSolve for necessary pararetersiy
15 - b=X{1)
16 — W=X{2)
171 - R=H/2;
1 - a0=[1,-50}:
1§ = . Ref=[b,H]:
26 - | fun=@ [s}profilte(s,Ref);
3 = | [a]l=faclve(fun, a0);
@2 - aEsil)r
23 = e=ag2)s
F{} . W%Run sdrulation model If ¢ ¢-2
25— 0 if cx-2
6 - | cptiona = skmset('DscWarkspace’, 'carrent!, 'Srcdarkapaca’, 'curkent')s
21 - sim[' SpdScp¥chb.rdl', 3, optiona)
P LB Force=maax /Fouch

n3ldiendu Genetic  Algorithm (GA) Wlunasisdeyaqan simple_fitness way
profile univuafouluiieidureuwslunissiassnnadoud Wy mssmunsuuseuly
AEsIEeeNseAauiie uaznsmuaaNLARBEnTeI LS S A AR EIRNINGE
Wendmeuiidiaunsiugiunndstiu arnwanis Run TUsunsudmans q saudas aevivlald
sUuuuralAsvhliAaussiosiian
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51 dedudeyansnadeu lmadussaennuiFifiosnuuy #nmGa s

A lawasnasd 14

t X y v_{x} v{y: la{v}
0.00E+00| 1.10E-04| 1.72E-04
1.67E-02| 2.04E-02| 1.23E-03|1.19E+00| 7.57E-02
3.34E-02| 3.98F-02| 2.70E-03]1.18E+00| 8.18E-02| -1.76E-01
5.01F-02] 5.96E-02| 3.96E-03[1.18E+00| 6.74E-02| 1.19E+00
6.67E-02| 7.91E-02| 4.95E-03]1.12E+00[ 1.12E-01] 5.11E+00
8.34E-02| 9.69E-02| 7.71E-03]|1.07E+00] 2.43E-01| 5.01E+00
1.00E-01] 1.15€-01| 1.31E-02] 1.09E+00| 2.97E-01] 3.51E-01
1.17E-01| 1.33E-01] 1.76E-02| 1.06E+00| 2.42E-01]-2.90E+00
1.33E-01| 1.50F-01] 2.11E-02| 9.76E-01| 1.96E-01| -6.07E-01
1,50E-01] 1.66E-01| 2.42E-02] 9.53E-01| 2.18E-01] 2.38E+00
1.67E-01] 1.82E-01{ 2.84E-02| 9.65E-01| 2.83E-01| 1.95E+00
1.84E-01| 1.98E-01| 3.36E-02| 9.11E-01] 2.90E-01| -7.52E-01
2.00E-01| 2.13E-01| 3.81E-02] 8.74E-01| 2.49E-01|-2.43E+00
2.17E-01| 2.27E-01| 4.19E-02] 8.62E-01| 2.11E-01|-1.88E+00
2.34E-01| 2.41F-01| 4.51E-02] 8.26E-01| 1.84E-01|-1.60E+00
2.50€-01] 2.55E-01| 4.81E-02] 8.08E-01] 1.61E-01[-1.14E+00
2.67E-01| 2.68E-01| 5.05E-02] 8.33E-01| 1.42E-01|-1.31E+00

Qr 1 2/ [ & o | -1
52  sheddeyaniimaaevliinadurzasainuiifnesniuu finaunia 8
Alalumsnadlalg

t X Y vi{x} |v{y} la{y}

0.00E+00] -1.83E-04] -1.89E-04 0 0 0
1.67E-02| 3.72E-02| 6.06E-04|2.22E+00] 1.21E-01 0
3.34E-02| 7.38E-02 3.84E-03[2.19E-+00] 1.98E-01] 5.21E+00
5.01E-02| 1.10E-01] 7.20E-03|2.17E+00| 2.75E-01| 8.10E+00
6.67E-02| 1.46E-01] 1.30E-02]2.12E+00| 4.71E-01] 6,14E+00
8.34E-02| 1.81E-01] 2.29E-02|2.10E+00| 5.15E-01] -3.29E-01
1.00E-01| 2.16E-01] 3.02€-02|2.12E+00] 4.22E-01[-2.90E+00
1.176-01] 2.52E-01| 3.70E-02|2.09E+00| 4.23E-01{-1.18E+00
1,33E-01] 2.86E-01| 4.43E-02|2.05E+00| 3.96E-01[-3.87E+00
1.50E-01| 3.20E-01| 5.02E-02|2.07E+00| 2.88E-01{-7,28E+00
1,67E-01| 3.55E-01] 5.39E-02|2.06E+00| 1.51E-01[-8.65E+00
1.84E-01| 3.89E-01| 5.52E-02|2.04E+00] -7.99E-04 -9.36E+00
2.00E-01( 4.23E-01] 5.39E-02[2.05E+00] -1.61E-01|-8.97E+00
2.17E-01( 4.57E-01] 4.99E-02| 2.07E+00]| -3.04E-01(-7.81E+00
2.34E-01| 4.92F-01| 4.38E-02] 2.09E+00] 4.19E-01]-7.02E+00
2,50E-01( 5.27E-01| 3.59E-02] 2.08E+00] -5.36E-01] -4.01E+00
2.67E-01| 5.61E-01] 2.59E-02] 2.05E+00] -5.67E-01] 3.86E+00
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UM IneIdEuLEAIT) 1A1uda 5 dlawnseadalug

t X y v{x} iv{y} |a{y}
0.00E+00| 3.11F-04| 9.80E-05
1.67E-02] 1.96E-02| 1.18E-03[1.12E+00[ 1.29E-01
3.34E-02| 3.78E-02| 4.40E-03| 1.11E+00| 2.03E-01] 2.86E+00
5.01E-02| 5.67E-02| 7.95E-03] 1.13E+00] 2.17E-01| 1.73E+00
6.67E-02| 7.55E-02| 1.16E-02| 1.08E+00| 2.56E-01] 3.57E+00
8.34E-02| 9.29E-02| 1.65E-02| 1.06E+00| 3.39E-01] 4.06E+00
1.00E-01{ 1.11F-01{ 2.29E-02| 1.10F+00! 3.99E-01| 1.28F+00
1.17E-01| 1.30E-01] 2.98€-02(1.07E+00[ 3.82E-01]-3.33E+00
1.33E-01| 1.47E-01] 3.57E-02| 9.80F-01| 2.87E-01]-4.23E+00
1.50E-01( 1.62E-01] 3.94E-02| 9.64E-0i| 2.25E-01[-1.31E+00
1.67E-01| 1.79E-01| 4.32E-02{ 9.81E-01] 2.51E-01| 4.62E-01
1.84E-01] 1.95E-01| 4.77E-02] 9.41E-01] 2.50E-01]-1.28E+00
2.00E-01] 2.10E-01| 5.15E-02] 9.06E-01] 2.02E-01{-3.06E+00
2.176-01] 2.25E-01| 5.45E-02] 9.30E-01] 1.48E-01[-2.41E+00
2,34E-0i| 2.41E-01| 5.65E-02] 9.28E-01| 1.17E-01|-1.54E+00
2.50E-01] 2.56E-01| 5.84E-02] 9.12E-01] 1.02E-01[-1.59E+00
2.67E-01| 2.72E-01] 5.99E-02] 9.24E-01] 6.38E-02[-2,02E+00
2.84E-01| 2.87E-01| 6.05E-02| 9.37E-01| 3.03E-02[-1,45E+00
3.00E-01] 3.03E-01| 6.09E-02| 9.24E-01] 1.74E-02| -8.42E-01
3.17E-01] 3.18E-01| 6.11E-02| 9.19E-01] 3.31E-03[-1.30E+00
3.34E-01| 3.33E-01] 6.10E-02] 9.53E-01|-2.53E-02]-1,78E+00
3.50E-01| 3.50E-01| 6.02E-02] 9.68E-01|-5.85E-02]-1.52E+00

5.4 c?f'mEha%'mgamswmaauﬁ’wzaammL%’Jﬁl‘ﬁmmﬁamuu (Usen 6
=3 s AJ =y 1 Q:‘
UG BULIAYT) Fimnsa 8 Alatunsnadilag

t X Y v og o v {y} a_{y}
0.00E+00] 2.75E-04] -1.65E-04
1.676-02| 4.48E-02| 1.09E-03] 2.55E+00] 2.92E-01
3.34E-02| 8.53E-02| 9,56F-03]2.45E+00] 6.10E-01| 1.47E+01
5.01E-02| 1.27E-01] 2.14E-02| 2.60E+00| 7.72E-01| 5.68E+00
6.67E-02] 1.72E-01| 3.53E-02]2.66E+00| 8.06E-01]-6.78F+00
8.34E-02| 2.15E-01] 4.83F-02|2.50E+00] 5.61F-01|-1.61E+01
1.00E-01| 2.55E-01] 5.40E-02] 2.45E+00| 2.27E-01[-1.276+01
1.17E-01| 2.97€-01| 5.59E-02 2.58E+00] 1.33E-01]-4.77E+00
1.33E-01| 3.41€-01f 5.85€-02| 2.58E+00] 9.83E-02{-6.85E+00
1.50E-01| 3.83E-01| 5.92E-02] 2.45E+00] -9.54E-02|-1.22E+01
1.67E-01| 4.23E-01] 5.53E-02|2.46E+00] -3.27E-01]-1.24F+01
1.84E-01| 4.65E-01| 4.82E-02] 2.59E+00] -5.06E-01]-1.09E+01
2.00E-01{ 5.09E-01] 3.84E-02|2.576+00} -6.88E-01]-1.10F+01
2.176-01| 5.51F-01] 2.53E-02]2.51E+00( -8.75E-01]-1.65E+00
2.34E-01| 5.93E-01| 9.20E-03] 2,55E+00] -7.81F-01] 2.05E+01
2.50E-01| 6.36E-01| -7.62E-04/ 2.54E+00| -1.86E-01| 2,96E+01
2.67E-01| 6.78E-01] 3,00E-03] 2.47E+00] 2.88E-01| 9.29E+00
2.84E-01{ 7.18E-01] 8.85E-03[2.45E+00] 1.17E-01|-1.32E+01
3.00E-01] 7.60E-01] 6.89E-03 2.49E+00] -2. 16E-01[-8.59E+00
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